Introduction: Fractures of the clavicle are common injuries with an incidence of 5-10% of all fractures [1] . These fractures are generally managed conservatively. Titanium elastic nails are a promising minimally invasive treatment for displaced mid-clavicular fractures, which may be an alternative to plate fixation or even nonoperative treatment. The aim of the present study was to evaluate the functional and radiological results of intramedullary fixation of mid-clavicular fractures. Methods: Between January 2007 and June 2013, 48 patients with type A and type B middle third clavicle fractures (OTA Classification) underwent flexible intramedullary nailing with titanium elastic nail. Implant removal was performed in all the patients after the fracture united completely. Results: The mean constant shoulder score for 47 patients at 6 weeks was 56.98 (range: 44-72), at 3 months was 91.25 (range: 54-98), at 6 months was 96.38 (range:64-100), at 12 months was 98.75 (range:68-100), at 18 months was 99.50 (range:78-100), and at the end of 24 months it was 99.58 (range:80-100). Conclusion: Flexible intramedullary nailing, a minimally invasive technique for stabilization of displaced midshaft clavicle fractures is a simple procedure with excellent functional outcome in terms of quick return to sporting activities and a high patient satisfaction rate.
Introduction
"Midclavicular fractures heal without the doctor, with the doctor, and despite the doctor!" [1] . Fractures of the clavicle are common injuries with an incidence of 5-10% of all fractures [1, 2, 3] . Most commonly, these fractures occur within the middle third of the clavicle and exhibit some degree of displacement. Many midshaft clavicle fractures can be treated non-surgically. Recent evidence suggests that more severe fracture types exhibit higher rates of symptomatic non-union or malunion [4] . Although the indications for surgical fixation of midshaft clavicle fractures remain controversial, they appear to be broadening. Eighty percent of all fractures involve the middle third of the clavicle [4, 5] . The most probable cause of injury is an indirect trauma such as a fall on the shoulder or on the extended arm 5 . Midclavicular fractures are generally managed conservatively, e.g. with a figure-of-eight-bandage. Imminent perforation of the skin, impending or existing neurovascular compromise and the floating shoulder represent absolute indications for operative treatment. Gross displacement of fracture fragments, as well as non-unions, are seen as relative indications for surgical fixation.
Various methods of fixation have been described in literature, of which plating and intramedullary nailing are the most popular ones. Intramedullary nailing of clavicle middle 1/3 rd fractures using the titanium elastic nail has been described as a technically easy, minimally invasive operation with few complications and an early return to work [6, 7] . The complication rate has been reported to be low [6] [7] [8] . Plate osteosynthesis is the gold standard for operative treatment, but higher complication rates have been observed with this technique in comparison to conservative management [9, 10] .
The aim of the present study was to evaluate the functional and radiological results of intramedullary fixation of mid-clavicular fractures.
II. Material and methods
We analysed the outcome of a consecutive series of 48 patients with mid-clavicular fractures that were treated with titanium elastic nails between January 2007 and June 2013 in Department of Orthopaedics, Pondicherry Institute of Medical sciences, Pondicherry.
Clavicle middle third fractures were classified as A-type fractures (simple fractures, two fragments), Btype fractures (fractures with bending wedge) and C-type fracture (complex fractures) according to the classification of the Orthopaedic Trauma Association (figure 1). Thirty four patients (70.8%) had an A-type fracture with a cranial displacement of the medial fragment due to the pull of the sternocleidomastoid muscle. B-type fractures (29.2%) were observed in 14 cases. Type C fractures were not considered for nailing as they were plated in most of the cases.
Absolute indications for surgery were present in 23 patients. These were (imminent) skin perforation or tenting (n =20) and multiple ipsilateral rib fractures with respiratory insufficiency (n =3). Patients with floating shoulder, bony injuries of ipsilateral upper limb, brachial plexus injury and bilateral clavicle fractures were not considered for the study as it would affect the outcome. Rest of the 25 patients were treated surgically because of major displacement of the fracture. The average displacement was 150 % of diaphyseal width and the clavicular shortening ranged from 1 to 3.2 cm. All patients with relative indications for surgical fixation were young; they did not want a brace and wanted to return to their pre-injury status as soon as possible.
The intra-operative complication observed consistently was the difficulty in manoeuvring the nail at the lateral end of the clavicle as it curves posteriorly and flattens out laterally. Opening the fracture site with a two centimetre incision and use of a towel clip/reduction forceps aided in smooth passage of nail laterally.
Operative technique -
The surgical procedure was done under general anaesthesia. Patient was placed in the supine position with a sand bag in the inter-scapular region. We have also used semi-beach chair position in some cases as it gives a head on position of the clavicle. At the sternal end of the clavicle, a skin incision of 1 cm was made parallel to the clavicle. The anterior cortex was opened with an awl about 1.5 cm lateral to the sterno-clavicular joint (figure 2). A TENS (average diameter 2.0 mm) which was mounted over a T-handle was inserted and advanced to the fracture site ( figure 3 ). Subsequently; the fracture was reduced in a closed manner. If closed reduction was not possible, a 2 cm skin incision at the level of the fracture site was made for mini-open fracture reduction. Reduction was maintained provisionally with a small reduction forceps or towel clip. The nail was subsequently advanced across the fracture into the lateral fragment with gentle rotational movements (figure 4). Care was taken not to advance the nail too laterally in order to avoid penetration into the acromioclavicular joint. Fluoroscopic control is therefore mandatory. The nail was then bent and cut with a blunt tip and buried under the skin. Skin was then closed with sutures.
After surgery, the patient was put on an arm sling. All patients were started on passive shoulder mobilization exercises on the 2 nd post-operative day. Check x-ray was done 3 weeks post surgery to assess for alignment (figure 6). Active mobilisation was started 3 weeks after surgery. Arm sling was discontinued after 6 weeks (figure 7).
III. Results
The average age was 36.65 years (SD: 19 to 58 years). Out of the 48 patients, 33 were male (68.8%) and 15 were female (31.3%).Thirty one patients sustained injury to right clavicle (64.6%) compared to 17 who sustained injury to the left clavicle (35.4%). Most injuries resulted from road traffic accidents (n = 32), followed by fall from a height (n= 9), and direct blow (n=7).
The mean duration of surgery was 70.79 minutes (range: 45-100 min). An open fracture reduction via an additional small incision was necessary in 40 patients and closed manoeuvre was successful in 8 patients. Out of the 48 patients, fracture in 47 patients went on to unite over an average period of 10.4 weeks (ranging from 8 weeks to 16 weeks). There were no neurovascular complications.One infected non-union with implant failure was noted with gross bending of the nail at the fracture site. Implant removal was done and fracture resulted in a non-union (figure 10). Patient did not want any further procedure and was lost to follow-up. (Table 1) .
The mean constant shoulder score (table 2) at 6 weeks was 56.98 (range:44-72), at 3 months was 91.25 (range: 54-98),at 6 months was 96.38 (range:64-100), at 12 months was 98.75 (range:68-100), at 18 months was 99.50 (range:78-100), and at the end of 24 months it was 99.58 (range:80-100). In 2 cases there were malunion with superior angulation of 22 degrees and 15 degrees as assessed by radiographs (figure 8). Two patients had superficial wound infection at 2 weeks and 6 weeks post-op respectively requiring wound wash. Staphylococcus aureus and MRSA was grown on culture, respectively. Infection subsided with intra-venous antibiotics and "Antegrade flexible intramedullary nailing for fixation of displaced midshaft clavicle fractures" regular dressings. Fracture subsequently united. Three cases in the type B group had delayed union which needed additional bone grafting procedure at a later stage (figure 9). Table 2 : showing the mean constant score at various intervals of follow-up Nail prominence was felt by 34 patients at the sternal end, but was not of much concern to the patient. Two patients required revision of the cut end of the nail under local anaesthesia. All patients had returned to their previous activity level at approximately four months follow-up with full range-of-motion and strength in the affected extremity.
The mean duration of implant removal was 5 months and 2 weeks (range-4-7 months) post surgery following the union of fracture. Implant removal was done under general anaesthesia in operation theatre in all patients.
IV. Discussion
Mid-clavicular fractures in our country are being treated conservatively until date. Rowe [4] and Neer [2] in the 1960's recommended non-operative treatment, because they observed a very small number of non-unions. Conservative treatment subsequently became the standard procedure for the management of nondisplaced and displaced mid-clavicular fractures as well. The treatment of displaced mid-shaft clavicle fractures has evolved over the past several years based on recent clinical studies demonstrating high rates non-union and symptomatic malunion with non-operative treatment [9] [10] [11] [12] [13] [14] [15] [16] . Also, more recent studies had observed satisfactory functional and radiological outcome after non-operative treatment. The indications for operative treatment were limited to skin perforation or tenting, gross displacement and associated neurovascular complications [17] .
Proponents of intramedullary fixation of clavicle fractures believe that this method of fixation avoids periostium stripping and can be achieved through a smaller and more cosmetically acceptable scar than plating [18] . However, in a retrospective review of cases, Grassi et al. [7] found that adverse events such as infection, re-fracture, and non-union occurred in 35% of patients undergoing intramedullary fixation; a significantly higher complication rate than non-operative treatment. Their method, however, involved a transverse incision much like the incision used for plating today, and they removed the pin within 60 days [7] .
Ngarmukos et al. [18] described double K-wire fixation through a longitudinal incision and removed metal work between 6 months and 1 year post fixation and 1 infection requiring implant removal and no nonunions in a cohort of 86 patients. Their wires, however, did not have a locking mechanism; and in three patients, metal work had to be removed because of migration [18] .
Jubel et al. [8] have described elastic nailing of the clavicle from medial to lateral, with the lateral end of the clavicle closed to prevent migration in 55 patients. They described 1 non-union, requiring plating and 3 patients having their metalwork trimmed due to soft tissue irritation [8] . This may be because of a medial entry point, where there is little soft tissue cover. Ring and Holovacs [19] described 3 cases of transient brachial plexus palsy after insertion of Rockwood Pin. The authors admitted that 2 of the cases were delayed unions that required excessive force to deliver the fragments into the wound. All cases resolved spontaneously with improvement seen after the second post-operative week [19] .
The results regarding the outcome of conservative treatment of displaced mid-clavicular fractures nowadays, however, are seen in a more differentiated manner and they are controversially discussed. Wick et al. [13] and Eskola et al. [20] observed high rates of non-union, shoulder pain and poor functional results when the fracture had healed with shortening of more than 2 cm [13, 21] . These findings were confirmed by Lazarides et al. [22] and by Hill [23] . These studies favour operative treatment of displaced mid-clavicular fractures by describing high rates of good and excellent results. Although plate fixation provides adequate stability, Rowe et al. [4] and Bronz et al. [24] described complications like non-union, re-fracture or loosening of implants. Similar complications have been described with intramedullary pinning [21] . Minimally invasive elastic titanium nailing was established as an alternative to plate fixation [25, 26] . Jubel et al. [8] showed that the correction of clavicular shortening is a pre-requisite of good functional outcome. They did not observe non-union or poor post-operative outcome.
In this study, intramedullary nailing provided early functional recovery. Patients today have high expectations of the functional outcome. They expect rapid and pain-free functional recovery following a fracture. In contrast to conservative treatment, minimally invasive techniques can fulfil these objectives with a reduced risk of complications [6] . TENS however has its own complication rate: the sternal ends of the TEN can cause skin irritation and pain. Most of the patients complained about the nail prominence at the sternal end but tolerated it well till removal.
In summary, we believe that operative management of mid-shaft clavicle fractures with flexible intramedullary nailing is a safe procedure with excellent clinical and functional outcomes.
V.

Conclusion:
The acute treatment of middle-third clavicle fractures remains a subject of controversy. In comparison with plate fixation, TENS is less invasive and requires smaller incisions. In comminuted fractures that are at risk of telescoping, plate fixation however remains the procedure of choice.
The data demonstrates early pain relief in combination with good shoulder function after acute operative treatment resulting in quick return to sports activities and a high patient satisfaction rate. Titanium elastic nails are a promising minimally invasive treatment for displaced mid-clavicular fractures, which may be an alternative to plate fixation (ORIF) or even non-operative treatment. 
